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SUMMARY 

 

This report provides a summary of the test matrix and assembly of thirteen capsules containing silicon 

carbide joint specimens, where the goal of this experiment is to investigate the effects of irradiation on such 

joints. Two capsule designs are used to accommodate two different specimen geometries: a small torsion 

specimen to measure basic thermomechanical properties, and a cladding-style “end plug” specimen to 

demonstrate the strength and integrity of such cladding under typical thermal gradients and stresses. The 

assembled capsules are scheduled for two cycles of irradiation in the flux trap of the High Flux Isotope 

Reactor with two different target temperatures: 350 and 750°C. 
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1. INTRODUCTION 

Silicon carbide (SiC) fiber reinforced SiC matrix composites (SiC-SiC) are of interest for fuel 

cladding and structural components in current and advanced nuclear reactor designs because of their 

strength retention at high temperature, high-temperature steam oxidation resistance, and stability under 

neutron irradiation [1]. However, to fabricate a complex geometry or to create a hermetic seal, SiC-based 

reactor components must be joined. While SiC performance under neutron irradiation is relatively well 

understood, the performance of the specific joining technologies has received much less attention to date. 

Any joint technology that will be deployed for in-core applications in current and advanced reactor designs 

must first demonstrate acceptable irradiation tolerance following irradiation in a materials test reactor. 

General Atomics (GA) is currently investigating three joint variations: transient eutectic phase 

(TEP) SiC-based joints, oxide joints, and high purity SiC-based hybrid joints that use a preceramic polymer 

with chemical vapor deposition (CVD) SiC. Tube specimens with a single sealed end (i.e., end plug 

specimens) and torsion specimens have been fabricated using each of the three joint variations. The purpose 

of this project is to perform experimental irradiation testing of the joint specimens to understand the effects 

of irradiation with and without realistic temperature gradients, which can drive significant stress [2] [3] [4].  

The SiC joint specimens will be inserted into the Oak Ridge National Laboratory (ORNL) High 

Flux Isotope Reactor (HFIR) using irradiation capsules, or rabbits, which are designed to achieve the 

desired specimen temperatures during irradiation. The experiment design concepts are detailed in Petrie et 

al. [5] and are shown in Figure 1. This report presents the irradiation test matrix and summarizes the 

assembly of thirteen rabbits containing SiC joint specimens. 

 
(a) 

 

 
(b) 

Figure 1. Capsule design concepts for (a) the end plug  

specimens and (b) the torsion specimens. 
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2. TEST MATRIX 

Table 1 summarizes the irradiation test matrix, including details on the irradiation conditions, capsule fill 

gases, and the specimens being inserted in the capsules. Capsule PGA01 through PGA11 accommodate one 

end plug specimen each, while capsules TGA01 and TGA02 accommodate sixteen torsion specimens each. 

This test matrix allows the irradiation of each specimen’s geometry and each joint type at both target 

temperatures, 350 ± 50°C and 750 ± 50°C. All the capsules will be inserted in axial position 7 of a target 

rod rabbit holder in the HFIR flux trap for 2 cycles, corresponding to an approximate dose of 2 dpa. Position 

7 is located at the top of the HFIR core, approximately 19.3 cm from the core’s midplane. 

Table 1. Irradiation test matrix 

Capsule 

ID 

Temperature 

(°C) 

Fill gas Joint type Specimen ID 

PGA01 350 He Oxide GC1 

PGA02 350 He Oxide GC2 

PGA03 750 46% He, Ar bal. Oxide GC3 

PGA04 750 46% He, Ar bal. Oxide GC7 

PGA05 350 He Hybrid HS3 

PGA06 350 He Hybrid HS7 

PGA07 750 46% He, Ar bal. Hybrid HS8 

PGA08 750 46% He, Ar bal. TEP TE2 

PGA09 750 46% He, Ar bal. Hybrid HS9 

PGA10 750 46% He, Ar bal. TEP TE3 

PGA11 350 He TEP TE9 

TGA01 300 He 

TEP 

Oxide 

Hybrid 

1TE, 3TE, 5TE, 7TE, 9TE 

1GC, 5GC, 10GC, 11GC, 15GC, 18GC 

1HS, 5HS, 9HS, 11HS, 13HS 

TGA02 800 Ar 

TEP 

Oxide 

Hybrid 

2TE, 4TE, 6TE, 8TE, 10TE, 11TE 

4GC, 7GC, 16GC, 17GC, 20GC 

2HS, 8HS, 14HS, 17HS,19HS 

 

 

3. CAPSULE ASSEMBLY AND DELIVERY TO HFIR 

3.1 TUBE SPECIMEN CAPSULE ASSEMBLY 

Eleven capsules, with IDs PGA01 through PGA11 were assembled. A twelfth capsule was initially 

planned to be built as well, but the twelfth specimen (TE4) was damaged before assembly (see Figure 2). 

Each capsule contains one end plug specimen, and a single SiC rod is placed inside the specimen for passive 

temperature monitoring [6]. The complete parts layout is shown in Figure 3. Figure 4 shows a top-down 

view of the thermometry fitting inside an end plug specimen, with the specimen assembled inside the 

capsule housing. Housings were chosen so that the as-built end plug specimen-to-housing gas gap matches 

the desired 510 µm gap as closely as possible. Nine of the eleven capsules have as-built gas gaps within 10 

µm (2%) of the nominal gap. Capsules PGA02 and PGA03 have slightly larger gaps, as large as 543 µm 

(6.4% larger than the nominal gap). The radiograph of a capsule in Figure 5 shows the different components 

assembled in the capsule. 
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Figure 2. Damaged end plug specimen. 

 

 

 

 

PGA01 PGA02 

 

 
PGA03 PGA04 

Figure 3. Parts layout for capsules PGA01 through PGA11. 
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PGA05 PGA06 

  
PGA07 PGA08 

 

 
PGA09 PGA10 

 
PGA11 

Figure 3. Parts layout for capsules PGA01 through PGA11 (continued). 

 



 

5 

 

 

  
(a) (b) 

Figure 4. Top-down view of (a) the capsule housing and the thermometry  

inside the tube specimen, and (b) the internal assembly. 

 

 
Figure 5. Radiograph of capsule PGA11. 

 

All capsule components were dimensionally inspected and cleaned according to HFIR-approved 

procedures, drawings, and sketches. After assembly of the internal components, all rabbit housing end caps 

were welded to the housings using an electron beam weld. The capsules were then placed inside sealed 

chambers that were evacuated and backfilled three times to ensure a pure environment with the gas mixture 

specified in Table 1. The chambers were placed inside a glove box, which was also evacuated and backfilled 

with the same gas mixture. Each rabbit had a small hole in the bottom of the housing that was sealed using 

a gas tungsten arc welding procedure. All welds passed visual examination. Each capsule was then sent for 

nondestructive examination, which included a helium leak test, hydrostatic compression at a pressure of 

1,035 psi, mass comparisons before and after hydrostatic compression to ensure no water penetrated the 

capsule housing, and a final post-compression helium leak test. All rabbits passed helium leak testing and 

hydrostatic compression. 

The capsules were delivered to HFIR, along with their fabrication package, which records 

requirements for design analyses, material certification, assembly procedure, welding, and testing. The 

signed capsule fabrication request forms are provided in APPENDIX A. 
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3.2 TORSION SPECIMENS CAPSULES ASSEMBLY 

Two capsules containing torsion specimens, TGA01 and TGA02, were assembled. Figure 6 shows 

the complete part layouts for these two capsules. Each capsule contains sixteen torsion specimens. Figure 

7 shows the assembly process, in which all the torsion specimens were lined up before being inserted in 

their holder and housing. Housings were chosen so that the as-built holder-to-housing gas gap matched the 

desired gaps within 1 µm (131 µm gap for capsule TGA01 and 83 µm for capsule TGA02). 

 

 
(a) 

 

 
(b) 

Figure 6. Part layout for (a) capsule TGA01 and (b) capsule TGA02. 
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(a) (b) 

Figure 7. Torsion specimens (a) being setup for insertion in their holder  

and (b) assembled in the holder and housing. 

 

Like the end plug specimen capsules, all the components of the torsion specimen capsules were 

dimensionally inspected and cleaned according to HFIR-approved procedures, drawings, and sketches. The 

signed capsule fabrication request forms are provided in APPENDIX A. 

 

 

4. SUMMARY AND CONCLUSIONS 

This report summarizes the test matrix and assembly of eleven tube specimen rabbit capsules that 

were successfully delivered to HFIR for insertion during cycle 485 (December 2019). Two torsion 

specimens rabbit capsules were also assembled. The capsules contain one of two types of specimen 

geometry (tube or torsion), where each specimen features one of three different joint variations (TEP, oxide, 

or hybrid). Post-irradiation examination will analyze the joints’ mechanical and thermal properties, 

permeability, and microstructure. Ultimately, the results of this project will aid in understanding the effects 

of irradiation on SiC joint performance. 
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